Introduction
Time-marching algorithms are widely used for the computation of compressible flows. A major advantage of these techniques is that they apply to both inviscid and viscous flows and can be used in conjunction with virtually any spatial discretization in all Reynolds number regimes.
In the past two or three decades, timemarching schemes have been widely accepted and applied as the method of choice for transonic, supersonic, and hypersonic flows.
In the low subsonic 
Problem Formulation

Equations of Motion
The two-dimensional compressible Navier-Stokes equations using time-derivative preconditioning can be written in the following vector form :
where F is the preconditioning matrix and will take on various forms depending on the preconditioning chosen.
When F is the identity matrix, we recover the standard (nonpreconditioned) equations. The vectors in Eq. (1) are In order to simplify the algebra, first we transform the conservative form of Eq. (1) to the non-conservative form. We define the non-conservative vector as
The matrices R_, Rry, Ryr, and R_ are diffusion coefficient matrices that include the viscosity p and the thermal, conductivity k:
In these expressions, Stoke's hypothesis is used for the second coefficient of viscosity (_ = -23 #).
Development of Preconditioning Procedure
The preconditioning matrix that was chosen in our 
where the sparse matrix Kt is
with nonzero element (4,1) = -TRT
We then convert the dependent vector 1_ to Qv by using the chain rule, 
where thepreconditioning matrixF_is defined as 
0¢
where _ represents u, v, and T, respectively.
The corresponding time-derivative preconditioned system for the conservative form of the equations is readily found by premultiplying Eq.(ll) by PK11.
Here F, defined as F=PK7IF_, is
The eigenvalues of the preconditioned system of equations (14) are
where Av=OE/OQv and the pseudo-acoustic speed ca is defined as
In 
Here A, B and D are Jacobians of the vectors E, F, and H and the matrix S is defined as S = F -AtD. This formulation differs from the traditional approximately factored algorithm only in the calculation of the preconditioning matrix, and hence additional computational cost is negligible.
Boundary Conditions
In The saving realized with preconditioning ranges from a factor of two to several orders of magnitude.
Flow Past an Isolated Airfoil
The first test problem considers inviscid and viscous flow past a NACA0012 airfoil at zero angle of attack. A C-type grid (56x31) is used and the outer boundary is located 5 chord lengths away from the airfoil. Since the flowfield is symmetric, only the half domain is considered.
For the wall, a slip boundary condition is used for inviscid flows, while no-slip, constant wall temperature, and zero normal pressure gradient are specified for viscous flows. At the outer boundary, a stagnation pressure, a stagnation temperature, and an inflow angle are specified at the inflow region, while a constant pressure is specified at the downstream end. The remaining conditions come from the Method of Characteristics.
The outer free stream Mach number is 10 -4 . 
Flow Through a Strongly Converging Nozzle
The second test problem concerns the flow through a converging-diverging nozzle. This test problem typi- steps for AR=10 and 2100 steps for AR=200 to reduce one order of magnitude in AQ/Q, while with preconditioning it takes 50 steps for AR=10 and 100 steps for AR=200.
Tt.us, the preconditioning method enhances convergence rates by a factor of nine for AR=I0 and twenty one for AR=200, respectively.
Flow in a Thermally Driven Cavity
Our final test problem considers a buoyancy-driven flow in a square enclosure. 
Abstract
A time-derivative preconditioning algorithm that is effective over a wide range of flow conditions from inviscid to very diffusive flows and from low speed to supersonic flows has been developed. This algorithm uses a "viscous" set of primary dependent variables to introduce well-conditioned eigenvalues and to avoid having a nonphysical time reversal for viscous flow. The resulting algorithm also provides a mechanism for controlling the inviscid and viscous time step parameters to be of order one for very diffusive flows, thereby ensuring rapid convergence at very viscous flows as well as for inviscid flows. Convergence capabilities are demonstrated through computation of a wide variety of problems. 
